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An optical Thomson scattering diagnostic has been designed for the National Ignition Facility (NIF) to
characterize underdense plasmas. We report on the design of the system and the expected performance for
different target configurations. The diagnostic is designed to spatially and temporally resolve the Thomson
scattered light from laser driven targets. The diagnostic will collect scattered light from a 50-micron cubic
volume. The system design allows operation with different probe laser wavelengths. A deep-UV probe
beam (λ0 = 210 nm) will be used to Thomson scatter from electron plasma densities of ∼5×1020 cm−3

while a 3ω probe will be used for plasma densities of ∼1×1019 cm−3. The system is designed to field two
spectrometers: the first to resolve Thomson scattering from ion acoustic waves fluctuations and the second
to resolve scattering from electron plasma wave fluctuations. Expected signal levels relative to background
will be presented for typical target configurations (Hohlraums, planar foils, etc).

I. INTRODUCTION

An optical Thomson scattering (OTS) diagnostic has
been designed for the National Ignition Facility (NIF)
to characterize under dense plasma conditions in iner-
tial confinement fusion (ICF) hohlraums1. Based on ex-
pected background levels from Bremsstrahlung2, stimu-
lated scattering3, and Thomson scattering from the 3ω
(351 nm) drive beams a 10 GW, 5ω (210 nm) probe laser
with a 1 ns pulse length is being developed. This probe
intensity will allow accurate measurements of the electron
temperature and density for a range of target configura-
tions. A 3ω beam can also be used as the Thomson scat-
tering probe for lower density, lower background targets.
A series of experiments are planned for the commission-
ing of the OTS diagnostic and the expected signals with
a description of the methodology used to generate them
are presented below.

The primary measurement of interest is the Thomson
scattered signal with power scattered into a unit solid
angle dΩ and a unit scattered frequency dωs given by4,

PsdΩdωs =
Pir
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where Pi is the incident power, A is the cross-sectional
area of the Thomson-scattering volume, r0 is the classical
electron radius, ne is the electron density, S(k, ω) is the
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spectral density function, and G(k, ω) is a geometrical
factor. The Thomson-scattering spectral density func-
tion is,
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where ε = 1 +χe +χi is the dielectric function, χe is the
electron susceptibility, χi is the ion susceptibility, Z is
the average ionization state, ω = ωs − ωi, ωs is the scat-
tered frequency, ωi is the incident frequency and fe0(ωk )
and fi0(ωk ) are the distributions for electrons and ions
respectively.

The geometrical factor4 accounts for the electromag-
netic interactions with the plasma. The geometric factor
becomes unity in the “non-relativistic” limit when collec-
tion of the scattered light is normal to the direction of the

laser beam polarization (|k̂s× (k̂s× Êi)|2 = 1). When ig-
noring terms of order (v/c)2 and greater the geometrical
factor becomes,

G(k, ω) =

(
1 +

2ω

ωi

)
. (3)

This first order correction term5 becomes relevant in the
electron plasma wave feature as the plasma density in-
creases.

Bremsstrahlung emission from the plasma is an ex-
pected source of background and has been estimated us-
ing the following formula2,
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FIG. 1. (Color online) Cylindrically symmetric simulated
hohlraum plasma conditions at peak laser power are shown.
a) The electron temperature in keV and b) the electron den-
sity as a fraction of critical density for 3ω. The lower right
corner is the capsule center and target chamber center. The
high density, low temperature region at (2.2, 0) to (2.2, 4.5)
is the hohlraum wall.

in units of [W cm−3 sr−1 nm−1] where me is the electron
mass, c is the speed of light, Te is the electron tempera-
ture, kB is the boltzman constant, h is the Planck con-
stant, and λ is the wavelength of the emitted radiation.
The Bremmsstrahlung emission is unpolarized while the
Thomson scattering signal is polarized. A polarizer will
be used to preferentially reject the Bremmsstrahlung re-
ducing its scattered power by 50%.

Simulated plasma conditions for each target configu-
ration are used to generate the expected Thomson scat-
tering signal and background. The electron temperature
and electron density for an ICF hohlraum6 at peak laser
intensity is shown in Figure 1. The Thomson scattering
signal is calculated from the region the collection system
and the 5ω probe beam overlap. The collect system is de-
signed with a 50 micron collect aperture at the Thomson
scattering volume. The probe beam will have a 50 mi-
cron diameter spot at best focus and will be collected in
a nearly backscattered configuration producing a Thom-
son scattering angle of 169 degrees. The background is
calculated for the collection cone of the diagnostic.

The collected signals, one resolving the electron plasma
wave (EPW) feature and one resolving the ion-acoustic
wave (IAW) feature, are modified by the system trans-
mission as a function of wavelength as well as the quan-
tum efficiency of streak camera. The gain of the sys-
tem is used to generate the expected counts per pixel
shown in Figure 2. The IAW signal is delayed approxi-
mately 5 ns relative to the EPW signal due to the dif-
fering path lengths of the spectrometers in the collection
system. The Bremmsstrahlung emission is collected by
both systems, but dominated by the EPW channel due to
the significantly larger wavelength range collected. The
plasma conditions are assumed to be constant in time to
simplify the calculation.

EPW Wavelength (nm)

140 150 160 170 180 190

T
im

e
 (

n
s)

-6

0

6

12

IAW Wavelength (nm)
-1 0 1

1000

1500

2000

2500

IAW Feature

EPW Feature

Bremsstrahlung

FIG. 2. (Color online) The synthetic experimental data from
a hohlraum is shown. The scattered signals from two spec-
trometers are multiplex in time onto the streak camera en-
trance slit. The plasma conditions are assumed to be constant
in time.
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FIG. 3. (Color online) Lineouts of the expected signal are
shown for the a) ion feature and b) electron feature. The
ion feature background is dominated by background from the
electron feature spectrometer due to the multiplexing of the
signals. The measured signal (black line) is compared to the
background (green line). The background subtracted signal
(blue line) is compared to the ideal Thomson scattering spec-
tra (red line).

Lineouts of the synthetic hohlraum data are shown in
Figure 3. The IAW feature [Fig. 3 (a)] and the EPW
feature [Fig. 3 (b)] are compared to the background and
an ideal Thomson spectra. A signal to background ratio
of 0.8 is expected when using a neutral density filter to
reduce the overall signal by 10−2. The spectral shape of
the bremsstrahlung emission is dominated by the wave-
length sensitivity of the collection system which is similar
between 200 and 160 nm and then decreases rapidly be-
low 150 nm.

The initial OTS commissioning experiments will in-
clude simple foil targets optimized for a 3ω probe laser.
An example of the expected data is shown in Figure 4.
This calculation uses a 3ω probe beam with a scatter-
ing angle of 130 degrees and a standard NIF phase plate
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FIG. 4. (Color online) Lineouts of the expected signal are
shown for the a) ion feature and b) electron feature. The
ion feature background is dominated by background from the
electron feature spectrometer due to the multiplexing of the
signals. The measured signal (black line) is compared to the
background (green line). The background subtracted signal
(blue line) is compared to the ideal Thomson scattering spec-
tra (red line).

with a focal spot diameter of 1.2 mm. This increases the
size of the Thomson scattering volume relative to the 5ω
probe configuration by approximately 5x in length. This
increase in Thomson scattering volume size means that
scattering from different electron densities and plasma
flow velocities will be collected and is the primary reason
for the asymmetry and width of the IAW feature in Fig.
4 (a). The discrepancy between the ideal Thomson spec-
tra and the background subtracted signal is due to the

non-uniformity of the spectra response over the 270 to
330 nm wavelength range. The collect system has been
optimized for the 5ω wavelength range between 160 to
210 nm.

In conclusion, a Thomson scattering diagnostic has
been developed for the National Ignition Facility to char-
acterize plasma conditions inside ICF hohlraums. A 10
GW, 5ω probe beam will be used to avoid background
generated by the 3ω drive beams and bremsstrahlung
emission. For targets with a lower background level a 3ω
probe beam could also be used. Initial experiments with
the collect system are planned at the end of 2016 with
deployment of the 5ω probe beam expected in 2018.

This work was performed under the auspices of the
U.S. Department of Energy by Lawrence Livermore Na-
tional Laboratory under Contract DE-AC52-07NA27344.
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